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in the samplXpther than their respective target nucleotide sequences but do not 
ligate together due to a presence of one or more mismatches and individually 
separate during tnfe denaturation treatment; 

providing one or a plurality of oligonucleotide primer sets, 
each set characterized* by (a) an upstream primer containing the same sequence as 
the 5' upstream primeiVspecific portion of the ligation product sequence and (b) a 
downstream primer corriplementary to the 3' downstream primer-specific portion 
of the ligation product sequence', wherein one of the primers has a detectable \ 

reporter label; 
10 providing a polymerase; 

blending\the ligase detection reaction mixture with the one or 
a plurality of oligonucleotide primer sets, and the polymerase to form a 
polymerase chain reaction mixt 

subjecting th\ polymerase chain reaction mixture to one or 
15 more polymerase chain reaction cycles comprising a denaturation treatment, 
wherein hybridized nucleic acid sequences are separated, a hybridization 
treatment, wherein the primers hybridize to their complementary primer-specific 
portions of the ligation product sequence^ and an extension treatment, wherein the 
hybridized primers are extended to form extension products complementary to the 
20 sequences to which the primers are hybridised, wherein, in a first cycle, the 

downstream primer hybridizes to the 3' downstream primer-specific portion of the 
ligation product sequence and extends to formW extension product complementary 
to the ligation product sequence, and, in subsequent cycles, the upstream primer 
hybridizes to the 5' upstream primer-specific portion of the extension product 
25 complementary to the ligation product sequence arid the 3' downstream primer 
hybridizes to the 3' downstream portion of the ligatiim product sequence; 

detecting the reporter labels; anc 

distinguishing the extension products to indicate the presence 
of one or more target nucleotide sequences in the sample. 



solid support under conditions effective to hybridize the secondary extension 
products to the capture oligOTau^eotides in a base-specific manner, thereby 
capturing the addressable^n-ay-specific portions to the solid support at the site 
with the complementary capujj^^gonikleotide, wherein said detecting indicates 
the presence of extension p\odutts-c^Wed using the addressable array-specific 
portions and immobilized to (the ^spjid'support at particular sites, thereby indicating 
the presence of one or more target nucleotide sequences in the sample. 
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2. A method according to claim 1, wherein one of the 
oligonucleotide probes ii^the set contains a restriction site, said method further 
comprising: 

digesting each extension product at the restriction 
sites to produce labelled extension product fragments, wherein the restriction site 
is positioned in each of the oligonucleotide probe sets to produce an extension 
product fragment with a unique length so that it can be distinguished from other 
nucleic acids in the polymerase ckain reaction mixture after said restriction 
digesting; and 

10 separating the extension product fragments by size or electrophoretic 

mobility, wherein said distinguishing differentiates the extension product fragments 
which differ in size. 

3 . A method accordingVto claim 1 , wherein the ligation product 
15 sequence of the oligonucleotide probes in aVmrticular set produces an extension 

product of unique length so that it can be distinghished from other nucleic acids in 
the polymerase chain reaction mixture, said mfethod further comprising: 

separating the extension products by size or electrophoretic 
mobility, wherein said distinguishing differentiate^ the extension products which 
20 differ in size. 



4. A method according to claim l\ wherein the oligonucleotides 
are configured so that the sequence of their ligation products across the ligation 
junction of each set is unique and can be distinguished Vrom other nucleic acids in 
25 the polymerase chain reaction mixture, said method furtker comprising: 

providing a solid support with different capture 
oligonucleotides immobilized at different particular sites, wherein ^the capture 
oligonucleotides have nucleotide sequences complementary to^ the unique nucleotide 
sequences across the ligation junctions of given probe sets; 
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contacting the polymerase chain reaction mixture, after said 
subjecting it to one ok more polymerase chain reaction cycles, with the solid 
support under condition^ effective to hybridize the extension products to the 
capture oligonucleotides fn a base-specific manner, thereby capturing the extension 
products on the solid suppVt at the site with the complementary capture 
oligonucleotide, wherein saik detecting indicates the presence of extension 
products captured using the ufrique nucleotide sequence portions surrounding the 
ligation junction and immobilized to the solid support at particular sites, thereby 
indicating the presence of one orVore target nucleotide sequences in the sample. 

5. A method according to claim 1, wherein, in each primer set, 
one primer has a detectable reporter tabel and the other primer contains an 
addressable array-specific portion which is linked to the 5' end of that primer and 
remains single stranded after said subjecting the polymerase chain reaction mixture 
to one or more polymerase chain reactioA cycles, said method further comprising: 

providing a solid support with different capture 
oligonucleotides immobilized at different paVticular sites, wherein the capture 
oligonucleotides have nucleotide sequences complementary to the addressable 

array-specific portions; 

contacting the polymerase Vhain reaction mixture, after said 
subjecting it to one or more polymerase chain reaction cycles, with the solid 
support under conditions effective to hybridize the Extension products to the 
capture oligonucleotides in a base-specific manner, thereby capturing the 
addressable array-specific portions to the solid support at the site with the 
complementary capture oligonucleotide, wherein said detecting indicates the 
presence of extension products captured using the addressable array-specific 
portions and immobilized to the solid support at particulars sites, thereby indicating 
the presence of one or more target nucleotide sequences inVhe sample. 
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6. \ A method according to claim 1, wherein the relative amounts 
of two or more of aVlurality of sequences, differing by one or more single-base 
changes, insertions, deletions, or translocations and present in a sample in 
unknown amounts with^a plurality of target nucleotide sequences being quantified 
and a set of oligonucleotide primers being useful in amplifying all the ligation 
product sequences formed by the oligonucleotide probe sets in a particular probe 
group, the oligonucleotide p\obe sets forming a plurality of oligonucleotide probe 
groups, each group comprised\of two or more of the oligonucleotide probe sets, 
wherein oligonucleotide probe sets in the same group contain the same 5' upstream 
primer-specific portion and the sW 3' downstream primer-specific portion, said 
method further comprising; \ 

quantifying th\ relative amount of the extension products, 
after said distinguishing and \ 

comparing relative amounts of the extension products 
generated to provide a quantitative measVe of the relative level of the two or 
more target nucleotide sequences in the sample. 

7. A method according toVlaim 6, wherein one of the 
oligonucleotide probes in each set contains a restriction site, said method further 
comprising: \ 

restriction digesting the extension products at the restriction 
sites to produce labelled extension product fragments, wherein the restriction site 
is positioned in each of the oligonucleotide probe sets to produce an extension 
product fragment with a unique length so that it can be distinguished from other 
nucleic acids in the polymerase chain reaction mixture after said restriction 
digesting; and \ 

separating the extension product fragments by size or 
electrophoretic mobility, wherein said distinguishing is earned out by size 
differences in the labeled extension product fragments. \ 

Us. 
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8. \ A method according to claim 6, wherein oligonucleotide 
probe sets in the sameVgroup contain the same 5' upstream primer-specific portion 
and the same 3' downstream primer-specific portion, and the ligation product 
sequences of oligonucleotide probes in a particular set have a unique length 
product , so that they can be^ distinguished from other nucleic acids in the 
polymerase chain reaction mixture, said method further comprising: 

separating the extension products by size or electrophoretic 
mobility, wherein said detectings and said distinguishing are carried out by size 
differences in the labeled extension products. 

9. A method according to claim 6, wherein the ligation product 
sequences of oligonucleotide probes irk a particular set contain unique sequences 
across the ligation junction so that they Van be distinguished from other nucleic 
acids in the polymerase chain reaction mWture, said method further comprising: 

providing a solid support with different capture 
oligonucleotides immobilized at different particular sites, wherein the capture 
oligonucleotides have nucleotide sequences complementary to the unique nucleotide 
sequences across the ligation junctions of givek probe sets; 

contacting the polymerase\chain reaction mixture, after said 
subjecting it to one or more polymerase chain reaction cycles, with the solid 
support under conditions effective to hybridize the\extension products to the 
capture oligonucleotides in a base-specific manner, thereby capturing the extension 
products on the solid support at the site with the complementary capture 
oligonucleotide, wherein said detecting indicates the presence of extension 
products captured using the unique nucleotide sequence Portions across the ligation 
junction and immobilized to the solid support at particula^ sites. 

10. A method according to claim 1, wherein one or both 
oligonucleotide probes in a particular set have blocking groupV at their non-ligating 
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ends with blocking group rendering the ligation product of the oligonucleotide 
probes in a particular set substantially resistant to exonuclease digestion, said 
method further comprising 

subjecting the ligase detection reaction mixture to 
exonuclease digestion after said subjecting the ligase detection reaction mixture to 
one or more ligase detection reaction cycles, wherein exonuclease substantially 
destroys oligonucleotide probes which are not blocked, does not destroy a 
substantial portion of the ligation products, and substantially reduces the presence 
of original target nucleotide sequences^and 

inactivating the exotmclease, wherein said subjecting to 
exonuclease digestion reduces formation of \igation independent extension products 
during said subjecting the polymerase chain reaction mixture to one or more 
polymerase chain reaction cycles. 

11. A method according to claim 10, wj^rein the ligation 
product sequence of the oligonucleotide probes in a particular set generates a 
unique length product, said method further comprising: 

separating the extensiorr^froducts by size or electrophoretic 
mobility, wherein said distinguishing diflfe^ntiates the extension products which 
differ in size. 

12. ./ymethod/accordkig to claim 11, wherein the one or more of 
a plurality of sequences differing Jpy one pr more single-base changes, insertions, 
deletions, or transloca^ogs>^present inlthe sample in unknown amounts with a 
plurality of target nucleotide sequences bemg^quantified, said method further 
comprising: 

providing a known amount of one or more marker target 

nucleotide sequences; 



- rto 



providing one or a plurality of oligonucleotide probe groups, 
each group comprised of two or more of the oligonucleotide probe sets, including 
probe sets specifically designed for the marker target/nucleotide sequences, 
wherein one or both oligonucleotide probes in a particular set are blocked at their 
5 non-ligating ends, wherein oligonucleotide probe sfets in the same group contain 
either the same 5' upstream primer-specific portion or the same 3' downstream 
primer-specific portion, or both the same 5* upfetream primer-specific portion and 
the same 3' downstream primer-specific portioA, said ligase detection reaction 
mixture further comprising the marker target Nucleotide sequences and the probe 
10 sets including probe sets specifically designed for the marker target nucleotide 
sequences, said method further comprising? 

providing one^ofa plurality ^^oligonucleotide primer 
groups, each group comprised^*! two or/more ofigdnucleotide primer sets, wherein 
the oligonucleotide primei^ets in eachAro^r ;ontain either the same 5' upstream 
15 primer or the same 3' d<ftvnstream priWor both the same 5' upstream primer 
and the same 3' downstream primer/& group 6f oligonucleotide primers being 
useful to amplify all ligation ppaduc/t sequenced in a given group; 

quantifying the amount of extension products after said 

distinguishing; and 

20 comparing/the amounts of extension products generated from 

the unknown sample with the aAiount of extension products generated from known 
amounts of marker target nucleotide sequences to provide a quantitative measure 
of the level of one or more tatget nucleotide sequences in the sample. 



25 13. A method according to claim 10, wherein one primer has a 

detectable reporter label and the other primer contains an addressable array- 
specific portion which is Wnked to the 5' end of that primer and remains single 
stranded after said subjecting the polymerase chain reaction mixture to one or 
more polymerase chain Reaction cycles, said method further comprising: 
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providing a solid support with different capture 
oligonucleotides immobilized at different particular sites, wherein the capture 
oligonucleotides have nucleotide sequences complementary to the addressable 

array-specific portions; 

contacting the polymerase ychain reaction mixture, after said 
subjecting it to one or more polymerase chain/reaction cycles, with the solid 
support under conditions effective to hybridfee the extension products to the 
capture oligonucleotides in a base-specifk/ manner, thereby capturing the 
addressable array-specific portions to the_solid support at the site with the 
complementary capture oligonucjetffule, wherein^said detecting indicates the 
presence of extension prodpctfs captured using^ie addressable array-specific 
portions and immobilized to the /olid suppdi/at particular sites. 



14K A method accprainj? to claim 13, wherein the one or more of 
15 a plurality of Sequences differing^by one or more single-base changes, insertions, 
deletions, or/ttanslocations^aro present fin the sample in unknown amounts with a , 
plurality of taq *et n i^ffiotide sequences Xbeing quantified, one primer has a 
detectable reporter laltel and the other primer contains an addressable array- 
specific portion width is linked to the 5' end of that primer and remains single 
20 stranded after saidf subjecting the polymerase chain reaction mixture to one or 

more polymeras/ chain reaction cycles, and the oligonucleotide primer sets in the 
same group contain either the same 5' upstream primer or the same 3' 
downstream primer, wherein a group of oligonucleotide primers may be used to 
amplify all/igation product sequences in a given group, said method further 
25 comprisi 

providing a known amount of one or more marker target 

nucleoside sequences; 

providing one or a plurality of oligonucleotide probe groups, 
each/group comprised of two or more of the oligonucleotide probe sets, including 
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probe sets specifically designed for the marker target nucleotide sequences, 
wherein one or both oligonucleotide probe sets in the same group contain either 
the same 5' upstream primer-specific portion or the same 3' downstream primer- 
specific portion; 

providing one or a plurality of oligonucleotide primer 
groups, each group comprised of two or more oligonucleotide primer sets, wherein 
the oligonucleotide primer sets in the same group contain either the same 5* 
upstream primer or the same 3' downstream primer ^d^groUp^ oligonucleotide 
primers are used to amplify all ligation product^sqtfences in a grov 

blending the marker^arget nucleotide sequences and probe 
sets specifically designed for the marker target nucleotide sciences to the ligase 
detection reaction mixture; 

quantifying the amount of exteji^iotf products, and 

comparing the amounts of^xtenslon products generated from 
the unknown sample witli the amount of/e#£rision products generated from known 
amounts of marker targern^cleoti^e-s^quences to nrovide a quantitative measure 
of the level of one or more target nucleotide seque^cesjn the sample. 



15. A method according to claim 1, wherein one or both 
20 oligonucleotide probes in a particular set contain deoxy-uracil in place of deoxy- 
thymidine with the deoxy-ura</il rendering the oligonucleotide probes and their 
ligation product sequences substantially sensitive to uracil N-glycosylase, said 
method further comprising 

blending the ligase detection reaction mixture, after said 
25 subjecting the ligase detection reaction mixture to one or more ligase detection 

reaction cycles and before said subjecting the polymerase chain reaction mixture to 
one or more polymerase chain reaction cycles, with one or a plurality of the 
downstream primefs complementary to the 3' downstream primer-specific portion 
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of the ligation product sequences, and the polymerase to form a^/extension 
mixture; 

subjecting the extension mixture to a hybridization treatment, 
wherein the downstream primer hybridizes to the 3' downstream primer-specific 
portion of the ligation product sequence, and extends to form an extension product 
complementary to the ligation product sequence; 

inactivating the polymerase; 

blending the extension mixture/ after said inactivating, with 
uracil N-glycosylase to form a uracil N-glycosylasef digestion mixture; 

subjecting the extension mixt^re^TTracil-N-glycosylase 
digestion substantially to destroy oligonucleotide probes , iigatpn product 
sequences, and extension products off the original target which use the 5' upstream 
primer as primers, without destro^kig the ,3' downsti/am primer extension product 
off the ligation product sequenc 

inactivating the Uracil N-glycosylase; 

blen<#ng, aftej/said inactivating the uracil N-glycosylase, a 
polymerase with the uracils-glycosylate digestion mixture to form the polymerase 
chain reaction mixture; 

subjecting the polymerase chain reaction mixture to the one 
or more polymerase chain reaction cycles to form an extension product in the first 
cycle which is substantially the same as the ligation product sequence except 
containing deoxy-thymidine in place of deoxy-uracil, and, in subsequent cycles, 
the 5' upstream primer/hybridizes to the 5' upstream primer-specific portion of the 
extension product complementary to the ligation product sequence and the 3' 
downstream primer/lay bridizes to the 3' downstream portion of the extension 
product sequence which is substantially the same as the ligation product sequence, 
an extension treatment, whereby said subjecting the extension mixture to uracil N- 
glycosylase digestion substantially reduces the quantity of the ligation product 
sequences, eitrier one or both oligonucleotide probes, and, thus, ligation 



independent extension products from said subjecting the polymerase ch 
mixture to one or more polymerase chain reaction cycles. 



16. A method according to claim 15, wherein the ligation 
product sequences of oligonucleotide probes in a particular set generates a unique 
length product which is distinguishable from either probes or x>ther ligation product 
sequence, said method further comprising: 

separating the extension products by /size or electrophoretic 
mobility, wherein said distinguishing differentiates the ^tejisioiM^roducts which 
differ in size. 



17. A method according to claim/16, wj*erein the one or more of 
a plurality of sequences differing j5y one or more singlj^base changes, insertions, 
deletions, or translocations are^present in the jta^4n unknown amounts with a 
plurality of target nucleotide sequences being/quantified, said method further 
comprising: 

providing a known Amount of bns^i^naof^marker target 

nucleotide sequences; 

providing one or more of marker-specific oligonucleotide 
probe sets, each set characterized by (a) a first oligonucleotide probe, having a 
target-specific portion and a 5' upstream primer-specific portion and (b) a second 
oligonucleotide probe, having a/target-specific portion and a 3' downstream 
primer-specific portion, whereto one or both oligonucleotide probes in a particular 
set contain deoxy-uracil in pflace of deoxy-thy uridine, wherein the oligonucleotide 
probes in a particular set 2fre suitable for ligation together when hybridized 
adjacent to one another pn a corresponding marker target nucleotide sequence, but, 
when. hybridized to any other nucleotide sequence present in the sample or added 
marker sequences, pve a mismatch which interferes with such ligation, said 
oligonucleotide probe sets and said marker-specific oligonucleotide sets forming a 
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plurality of oligonucleotide probe groups, wherein the ligation product sequence of 
oligonucleotide probes in a particular set generates a unique length product, and 
thus may be distinguished from either probes or other ligation/ product sequences 
in the same group or other groups; 

5 blending the marker target nucleotide' sequences and the 

probe sets specifically designed for the marker target nucleotide sequences with the 
ligase detection mixture; 

providing one or a plurality ofyOHgomiCieotide primer 
groups, each group comprised of two or more^efthp oligonucleotide primer sets, 

10 wherein oligonucleotide primer sets in the^ame group contain either the same 5' 
upstream primer or the same 3' downstream primer, or p&th the same 5' upstream 
primer and the same 3' downstream primer, therein a/group of oligonucleotide 
primers may be used to amplifyall the ligation proc^et sequences in a given 
group; 

15 separating the ext^nsipn^ products by size or electrophoretic 

mobility; 

quantifying th^ amount of extensiryn^products after said 

distinguishing; and 

comparingyfhe amounts of extension products generated from 
20 the unknown sample with the amount of extension products generated from known 
amounts of marker target nucleotide sequences to prove a quantitative measure of 
the level of one or more tareet nucleotide sequences in the sample. 



18. A/method according to claim 15, wherein, in each primer 
25 set, one primer has a detectable reporter label and the other primer contains an 

addressable array-specific portion which is linked to the 5* end of that primer and 
remains single stranded after said subjecting the polymerase chain reaction mixture 
of one or more polymerase chain reaction cycles, said method further comprising: 
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providing a solid support with different /apture 
oligonucleotides immobilized at different particular sites, wherein the capture 
oligonucleotides have nucleotide sequences complementary to the array-specific 
portions and 

contacting the polymerase chain pfeaction mixture, after said 
subjecting it to one or more polymerase chain reaction cycles, with the solid 
support under conditions effective to hybridize the extension products to the 
capture oligonucleotides in a base-specific manner/ thereby capturing the 
addressable array-specific portions to the solid support at the site with the 
complementary capture oligonucleotide, wherein said detecting indicates the 
presence of extension products captured u^mg/theadcteessable nucleotide sequence 
portions and immobilized to the solid^suppo^t at pa^culkr sites. 

19. A met&od according to d&irfi 18, wherein the one or more of 
a plurality of sequences ^differing by one oymoxt single-base changes, insertions, 
deletions, or translocations are presen/iitfthe satrnple in unknown amounts with a 
plurality of target nucleotide sequepps being qukntifiedr^aid method further 
comprising: 

providing a/known amount of one or more marker target 

nucleotide sequences; 

providing one or a plurality of oligonucleotide probe groups, 
each group comprised of two/or more of the oligonucleotide probe sets, including 
probe sets specifically designed for the marker target nucleotide sequences, 
wherein the ligation product sequences of oligonucleotide probes in a particular set 
may be distinguished from either probes or other ligation product sequences in the 
same group or other groups; 

lending the marker target nucleotide sequences and the 
probe sets specifically designed for the marker target nucleotide sequences with the 
ligase detection mixture; 
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providing one or a plurality of oligonucleotide primer 
groups, each group comprised of two or more of the oligonucleotide primer sets, 
wherein oligonucleotide primer sets in the same group contain either the same 5' 
upstream primer or the same 3' downstream primer/ wherein a group of 
oligonucleotide primers may be used to amplify alj/ligation product sequences in a 
given group; 

quantifying the amount of extension products; and 
comparing the amoun^of^xte^don products generated from 
the unknown sample with the amount of^ctension jtfod^icts generated from known 
amounts of marker target nucleot^^cmfences t^/ovide a quantitative measure 
of the level of one or more target nucleotide sequences in the sample. 



20. A method according to claim 
denaturation treatments is 
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21. A method according to claim 1, wherein each cycle of the 
ligase detection reaction, comprising a denaturation treatment and a hybridization 
treatment, is from about^30 seconds to about five minutes long. 

22. A method according to claim 1, wherein said subjecting the 
ligase detection reaction mixture to one or more ligase detection reaction cycles is 
repeated for 2 to $0 cycles. 



23. A method according to claim 1, wherein total time for said 
25 subjecting the ligase detection reaction mixture to one or more ligase detection 
reaction cy/les is 1 to 250 minutes. 
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24. A method according to claim 1, wherein tlie ligase is 
selected from the group consisting of Thermus aquaticus ligase, Thermus 
thermophilics ligase, E. coli ligase, T4 ligase, and Pyrocoj/cus ligase. 

25. A method according to claim y, wherein the detectable 
reporter label is selected from the group consisting of chromophores, fluorescent 
moieties, enzymes, antigens, heavy metals, ma^rgHTprDbes, dyes, phosphorescent 
groups, radioactive materials, chemiluminefspent moieti0^,/and electrochemical 
detecting moieties. / / / 

26. A method ^cco^ding tp^laim 1, whefeiR-tlietarget-specific 
portions of the oligonucleotide pWesj*r£h have a hybridization temperature of 50- 
85°C. / 

27. A memod according to claim 1, wherein the target-specific 
portions of the oligonucleotide probes are 20 to 28 nucleotides long. 

28. / A method according to claim 1, wherein the oligonucleotide 
probe sets are selected from the group consisting of ribonucleotides, 

deoxy ribonucleotides, modified ribonucleotides, modified deoxyribonucleotides, 
modified phosphate-sugar backbone oligonucleotides, nucleotide analogues, and 
mixtures hereof. 

29. A method fpHdOTttfying two or more of a plurality of 
sequences differing by one or fooije singV>ase changes, insertions, deletions, or 
translocations in a plurality of tar^Vt nucl^ptide^ouences comprising: 

providing a saWle-pWntialW containing one or more target 
nucleotide sequences with a plurali^of_sequ^e differences; 
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providing one or more of primary oligonucleotide primer 
groups, each group comprised of one or more primary oligonucleotide primer sets, 
each set characterized by (a) a first oligonucleotide primer, having a target-specific 
portion and a 5' upstream secondary primer-specific portion, and (b) a second 

5 oligonucleotide primer, havirig a target-specific portion and a 5' upstream 

secondary primer-specific poraon, wherein the first oligonucleotide primers of 
each set in the same group contain the same 5* upstream secondary primer-specific 
portion and the second oligonucleotide primers of each set in the same group 
contain the same 5 ' upstream secondary primer-specific portion, wherein the 

10 oligonucleotide primers in a particular set are suitable for hybridization on 

complementary strands of a corresponding target nucleotide sequence to permit 
formation of a polymerase cjiaftrre^frimi product, but have a mismatch which 
interferes with formatioi^of such a polymerase chain reaction product when 
hybridized to any other nucleotide sequence present in the sample, and wherein the 

15 polymerase chain reackon^roducts in a£«trticular ^sfetonay be distinguished from 
other polymerase chain reaction pi^mct^ in the same gjroup or other groups; 

providing a polyr 

blending tWsample\ the pprfary oligonucleotide primers, 
and the polymerase to form a |tr^ary£9lyrferase chain reaction mixture; 

20 subjecting the primarApolymerase chain reaction mixture to 

two or more polymerase chain reaction cycles comprising a denaturation treatment, 
wherein hybridized nucleic acid sequences are\ separated, a hybridization 
treatment, wherein the target-specific portions M the primary oligonucleotide 
primers hybridize to the target nucleotide sequences, and an extension treatment, 

25 wherein the hybridized primary oligonucleotide primers are extended to form 
primary extension products complementary to the target nucleotide sequence to 
which the primary oligonucleotide primer is hybridized; 

providing one or a plurality oft secondary oligonucleotide 
primer sets, each set characterized by (a) a first secondary primer containing the 
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same sequence as the 5' upstream portion of a first primary oligonucleotide 
primer, and (b) a second secondary primer containing the same sequence as the 5' 
upstream portion of a second primary oligonucleotide primer from the same 
primary oligonucleotide primen set as the first primary oligonucleotide contained 
by the first secondary primer, wherein a set of secondary oligonucleotide primers 
may be used to amplify all of the primary extension products in a given group; 

blending the primary extension products, the secondary 
oligonucleotide primers, and the polymerase to form a secondary polymerase chain 
reaction mixture; \ 

subjectingJheWc^indary polymerase chain reaction mixture 
to two or more polymepa^e chain reaction cycles comprising a denaturation 
treatment, wherein hybridized nucleia acid/sequences are separated, a 
hybridization treatment, wherein the secondary oligonucleotide primers hybridize 
to the primary extension OToduct^afflxtensio^ wherein the hybridized 

secondary oligonucleotide primers are extended to fonn secondary extension 
products complementary to tne^pfimary ^ktension products; 

providing a pluraliw of olig0nucleotide probe sets, each set 
characterized by (a) a first ohg^ucleotidk-pfobe, having a secondary extension 
product-specific portion and a detectable reporter label, and (b) a second 
oligonucleotide probe, having a secondary extension product-specific portion, 
wherein the oligonucleotide probes in a particular set are suitable for ligation 
together when hybridized adjacent to one another on a complementary secondary 
extension product-specific portion, but have aVnismatch which interferes with such 
ligation when hybridized to any other nucleotide sequence present in the sample; 

providing a ligase; \ 

blending the secondary extension products, the plurality of 
oligonucleotide probe sets, and the ligase to form aUigase detection reaction 
mixture; \ 

135 
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subjecting the ligase detection reaction mixture to one or 
more ligase detection reaction cycles comprising a denaturation treatment, wherein 
any hybridized oligonucleotides are separated from the secondary extension 
product, and a hybridizationureatment, wherein the oligonucleotide probe sets 
hybridize at adjacent positions in a base-specific manner to their respective 
secondary extension products, \if present, and ligate to one another to form a 
ligation product sequence containing (a) the detectable reporter label and (b) the 
secondary extension product-specific portions connected together, wherein the 
oligonucleotide probe sets may Hvbridize to nucleotide sequences other than their 
respective complementary secondary extension products but do not ligate together 
due to a presence of one or more Wsmatches and individually separate during the 
denaturation treatment; and \ 

dpt^cting thelre^rter labels of the ligation product 
sequences, thereby indicating the presende of two or more target nucleotide 
sequences in the sample. \ / 

30. A me\hod^ccording to cliim 29, wherein the ligation 
product sequences of the oHgpnucleoude probe/ in a particular set have a unique 
length so that they can l4 distinguished frpm other nucleic acids in the ligase 
detection reaction mixmre^saidjiethod further comprising: 

separating the ligation product sequences by size or 
electrophoretic mobility and \ 

distinguishing, aftefc said detecting, the ligation product 
sequences which differ in size. \ 

31. A method according flo claim 29, wherein the second 
oligonucleotide probe of each set has an addressable array-specific ^portion, said 
method further comprising: \ 
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providing a solid support with different capture 
oligonucleotides immobilizes at different particular sites, wherein the capture 
oligonucleotides have nucleotide sequences complementary to the addressable 
array-specific portions and \ 

contacting the ligase detection reaction mixture, after said 
subjecting it to one or more ligase detection reaction cycles, with the solid support 
under conditions effective to hybridize the ligation product sequences to the 
capture oligonucleotides in a baser-specific manner, thereby capturing the 
addressable array-specific portions\ to the solid support at the site with the 
complementary capture oligonucleotide, wherein said detecting indicates the 
presence of ligation produ<5tsequend&s^aptared using the addressable array- 
specific portions and inrfmobilized toVheNsolid support at particular sites, thereby 
indicating the presence of one or more target nucleotide sequences in the sample. 

32. A method accgr^^igno--e^im 29, wherein the relative 
amounts of one or more of aWurality 01 sequences, differing by one or more 
single-base changes, insertions\ deletions! or translocations and present in a sample 
in unknown amounts with\one or more target^iucleotide sequences being 
quantified, said method furtnfesi^orngriskim 

quantifying, after said\ subjecting the secondary polymerase 
chain reaction mixture to one or more polymerase chain reaction cycles, the 
amounts of secondary extension products; \ 

providing a known amoimt of one or more marker target 
nucleotide sequences; \ 

providing one or more sequence-specific probe sets, 
including probe sets specifically designed for theunarker target nucleotide 
sequences; \ 
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blendW the marker target nucleotide sequences, and the 
probe sets specifically designed for the marker target nucleotide sequences with 
ligase detection reaction mixture; 

quantify mg the amount of ligation product sequences; and 
comparing the amount of ligation product sequences 
generated from the unknown sample with the amount of ligation product sequences 
generated from known amounts Af marker target nucleotide sequences to provide a 
quantitative measure of the relative level of one or more target nucleotide 
sequences in the sample. 

33. A method according to claim 32, wherein the second 
oligonucleotide probe has an addressable array-specific portion, said method 
further comprising: 

provicUng-a-selJd support with different capture 
oligonucleotides immobilized at diffeifenftparticular sites, wherein the capture 
oligonucleotides have (nucleotide seque\i9fes complementary to the addressable 
array-specific portions; 

contacting ferTTgaVe detection reaction mixture, after said 
subjecting it to one or more ligafce detection reaction cycles, with the solid support 
under conditions effective to hybridize the ligation product sequences to the 
capture oligonucleotides in a Wse-s^ eetfjcTmanner, thereby capturing the 
addressable array-specific portions to the solid support at the site with the 
complementary capture oligonucleotide; ana 

quantifying the amourit of ligation product sequences 
captured using the addressable array-specificV>ortions and immobilized to the solid 
support at particular sites; 

comparing the amount oft captured ligation product sequences 
generated from the unknown sample with the amount of captured ligation product 
sequences generated from known amounts of marker target nucleotide sequences to 
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lative level of two or more target 



34. A method according to claim 32, wherein the one or more 
marker target nucleotide sequences differ from the target nucleotide sequences at 
one or more single nucleotide positions. 

35. A method according to claim 32, x^herein the oligonucleotide 
probe sets form a plurality of oligonucleotide probe groups, each group comprised 
of one or more oligonucleotide probe sets designed^ for distinguishing multiple 
allele differences at a single nucleotide position/wherein, in the oligonucleotide 
probe sets of each group, there is a common/first oligonucleotide probe, having a 
secondary extension product- specific portion and a detectable reporter label, and a 
second oligonucleotide probe, having a secondary extension product- specific 
portion which hybridizes to a given allele or marker nucleotide sequence in a base- 
specific manner, each secoijd^ligon^ a different length and, 
wherein the ligation product sequences of on/onucleotide probes in a particular set 
generate a unique l^j^gth product, saidmethod further comprising: 

separating ti^ligatipn product sequences by size or 
electrophoretic ^nobility and/ 

di^^guishing the ligStienproduct sequences which differ in 

size. 



36. /A method according to claim 32, wherein the oligonucleotide 
probe sets form a plurality of oligonucleotide probe groups, each group comprised 
of one or more oligonucleotide probe sets designed for distinguishing multiple 
allele differences at a single nucleotide position, wherein, in the oligonucleotide 
probe sets ofyeach group, there is a common first oligonucleotide probe, having a 
secondary extension product-specific portion, and a second oligonucleotide probe, 
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having a secondary extension product-specific portion which hybridizes to a given 
allele or marker nucleotide sequence in a base-specific manner, each second 
oligonucleotide probe having a different detectable reporter label and wherein the 
ligation product sequences of oligonucleotide probes in ar particular set generate a 
unique length product, said method farther comprising/ 

separating the ligation product ^sequences by size or 
electrophoretic mobility and 

distinguishing the ligation product sequences which differ in 



size. 



37. A method according to claim 33, wherein the oligonucleotide 
probe sets form a plurality of oligonucleotide prrae groups, each group comprised 
of one or more oligonucleoti^e / probe sets denned for distinguishing multiple 



allele differences at a single nucleotide position, wherein, in the oligonucleotide 
probe sets of each groua/there is a/coimnor/first oligonucleotide probe, having a 
secondary extension prMuct-specip^ortion and a detectable reporter label and a 
second oligonucleotide probe haying a secondary extension product-specific portion 



€n allele or a 



which hybridizes to a 
specific manner, each second oligonucleot 
addressable array-specific portions 



irker nucleotide sequence in a base- 
each having different 



38. A' method according to claim 33, wherein the oligonucleotide 
probe sets form a plurality of oligonucleotide probe groups, each group comprised 
of one or more oligonucleotide probe sets designed for distinguishing multiple 
allele differences a/ a single nucleotide position, wherein, in the oligonucleotide 
probe set of each/group, there is a common first oligonucleotide probe, having a 
secondary extension product-specific portion and an addressable array-specific 
portion, and a /second oligonucleotide probe, having a secondary extension 
product-specific portion which hybridizes to a given allele or a marker nucleotide 
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sequence in a base-specific manner, each second oligonucleotide pro^e having 
different detectable reporter label. 

39. A method according to claim 29, wherein multiple allele 
differences at two or more nearby or adjacent nucleotide positions in a single 
target nucleotide sequence or multiple allele differences atr two or more nearby or 
adjacent nucleotide positions in multiple target nucleotide sequences are 
distinguished with oligonucleotide probe sets having secondary extension-specific 
portions which may overlap. 

40. A method according to cliim29^ wherei^/a low abundance 
of multiple allele differences at multiple nearby or adjacent positions in a single 
target nucleotide sequence in the presence^ an excess of^normal sequence, or a 
low abundance of multiple allele differences at multij>le/nearby positions in 

15 multiple target nucleotide sequences in/^he presenc^/of/an excess of normal 

sequence in a sample are distinguished, the oligonucleotide probe set forming a 
plurality of oligonucleotide probe groups, each grouro comprised of one or more 
oligonucleotide probe sets designed for di^toguishing^THritiple allele differences at 
a single nucleotide position, wh^ekrone or more sets within a group share 

20 common first oligonucleotide probes, and the second oligonucleotide probes have 
secondary extension product^specific portions, which hybridize to a given allele 
excluding the normal allele/in a base-specific manner, wherein, in said detecting, 
the labels of ligation product sequences are detected, thereby indicating a presence, 
in the sample, of one oiymore low abundance alleles at one or more nucleotide 

25 positions in one or more target nucleotide sequences. 

41. i ^ A method according to claim 29, wherein a low abundance 
of multiple allele differences at multiple nearby or adjacent positions in a single 
target nucleotide Sequence, in the presence of an excess of normal sequence, or a 
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low abundance of multiple allele differences at multiple nezfrby positions in 
multiple target nucleotide sequences, in the presence of an excess of normal 
sequence, in the sample in unknown amounts are quantified, said method further 
comprising: 

5 providing a known amount off one or more marker target 

nucleotide sequences; 

providing one or more marker-specific oligonucleotide probe 
sets, each set characterized by (a) a first oligonucleotide probe having a target- 
specific portion complementary to a marker target nucleotide sequence and (b) a 
10 second oligonucleotide probe, having a /target-specific portion complementary to a 
marker target nucleotide sequence anci a detectable reporter label, wherein the 
oligonucleotide probes in a particular m^er-specific oligonucleotide set are 
suitable for ligation together whey^^ridifeed adjacent to one another on a 
corresponding marker target ma&eotide Sequence, but, when hybridized to any 
15 other nucleotide sequence present in ti£ sample or added marker sequences, have 
a mismatch which interferes /with stich ligation, wherein said plurality of 
oligonucleotide probe sets and ssfld plurality of marker-specific oligonucleotide 
probe sets form oligonucleotide probe ^rotips for distinguishing multiple allele 
differences at a single nucleotide position, including marker nucleotide sequences, 
20 wherein one or more s4s within a group share a common first oligonucleotide 

probe and a second oligonucleotide probe, having a secondary extension product- 
specific portion, wfeach hybridizes to a given allele excluding the normal allele in a 
base-specific manner, wherein said blending to form the ligase detection reaction 
mixture comprises blending the marker target nucleotide sequences and the probe 
25 sets specifically designed for the marker target nucleotide sequences with the 
ligase detectio4 reaction mixture; 

quantifying the amount of ligation product sequences; and 
comparing the amount of ligation product sequences 
generated /from the low abundance unknown sample with the amount of ligation 
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product sequences generated frojh known amounts of marker target nucleotide 
sequences, to provide a quantitative measure of the level of one or more low 
abundance target nucleotide sequences in the sample. 

5 42. A me thid according to claim 29, wherein each of the 

denaturation treatments is at a temperature of about 80°-105°C. 
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43. A method according to claim 29, wherein each cycle of the 
ligase detection reaction, comprising a denaturation treatment and a hybridization 
treatment, is from about 3j0 seconds to about five minutes long. 



15 



44. A Aiethod according to claim 29, wherein said subjecting the 
ligase detection reactipfffmixture to one or more ligase detection reaction cycles is 
repeated for 2 to ^0 cycles. 

/45. K rnetttod according to claim 29, wherein the total time for 
said subjecting the ligase detection reaction mixture to one or more ligase 
detection reaction c\xles is l to 250 minutes. 



20 46. / A method according to claim 29, wherein the ligase is 

selected from the group consisting of Thermus aquaticus ligase, Thermus 
thermophilics ligase, E. coli ligase, T4 ligase, and Pyrococcus ligase. 



47.1 A method according to claim 29, wherein the detectable 
25 reporter label is selected from the group consisting of chromophores, fluorescent 
moieties, enzymes, antigens, heavy metals, magnetic probes, dyes, phosphorescent 
groups, radioactive materials, chemiluminescent moieties, and electrochemical 
detecting moietie; 



48. A method according to clairrt<2'9, wherein the target-specific 
portions of the oligonucleotide probes each haVe^ hybridization temperature of 50- 
85°C. 
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49. A jafethod ^cOTdlng to claim 29, wherein the target- specific 
portions of the oligo^dcleodd^ pf<$ms are 20 to 28 nucleotides long. 

50. \^2^method according^to claim 29, wherein the oligonucleotide 
probe sets are seated from the group consisting of ribonucleotides, 

10 deoxy ribonucleotides, modified ribonucleotides, modified deoxyribonucleotides, 
modified phosphate-sugar backbone oligonucleotides, nucleotide analogues, and 
mixtus^s thereof. 

51. A method W identifying two or more of a plurality of 
15 sequences differing by one or more single-base changes, insertions, deletions, or 

translocations in a plurality of targe\ nucleotide sequences comprising: 

providing a sampl e potentially containing one or more target 
nucleotide sequences with^plurality of seimence differences; 

roviding one or more primary oligonucleotide primer 
20 groups, each group comprised of one orWore primary oligonucleotide primer sets, 
each set characterizecrby^aS a first ^^J^m^leotlde^mner , having a target-specific 
portion and a 5' upstream secondary primer-specific portion, and (b) a second 
oligonucleotide primer, havings a target-specific portion/ and a 5' upstream 
secondary primer-specific poition^^iierein^tae first^iigonucleotide primers of 
25 each set in the same group contanr-th e sam e^Tupstream secondary primer-specific 
portion and the second oligonucleotide primers of each set in the same group 
contain the same 5' upstream secondary primer-specific portion, wherein the 
oligonucleotide primers in a particular set are suitable for hybridization on 
complementary strands of a corresponding target nucleotide sequence to permit 
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formation of a polymerase \chain reaction product, but have a mismatch which 
interferes with formation oAsuch a polymerase chain reaction product when 
hybridized to any other nucleotide sequence present in the sample, and wherein the 
polymerase chain reaction products in a particular set may be distinguished from 
other polymerase chain reaction products in the same group or other groups; 

providing a polymerase; 

blending the sample, the primary oligonucleotide primers, 
and the polymerase to form a priVnary polymerase chain reaction mixture; 

subjecting tlie primary polymerase chain reaction mixture to 
two or more polymerase chain reaction cycles comprising a denaturation treatment, 
wherein hybridized nucleic acicLse<Agnces are separated, a hybridization 
treatment, wherein the ta^et-specifia portion of the primary oligonucleotide 
primers hybridize to the target nucleotide sequences, and an extension treatment, 
wherein the hybridizedVprWry oligonucleotide primers are extended to form 
primary extension products Vomplemeptoy^unh^ nucleotide sequence to 
which the primary oligonuclrotide^imer is hybridize 

providing one or a plurality of secondary oligonucleotide 
primer sets, each set character izecfHy (a) IJfffrst secondary primer, having a 
detectable reporter label and containing the sapae^sequence as the 5' upstream 
portion of a first primary oligonucleotide primer, and (b) a second secondary 
primer containing the same sequence as the 5'\upstream portion of a second 
primary oligonucleotide primer from the same Primary oligonucleotide primer set 
as the first primary oligonucleotide complementary to the first secondary primer, 
wherein a set of secondary oligonucleotide primetif amplify the primary extension 
products in a given group; 

blending the primary extensiok products, the secondary 
oligonucleotide primers, and the polymerase to form\a secondary polymerase chain 
reaction mixture; 
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subjecting the secondary polymerase chain reaction mixture 
to two or more polymeraseVhain reaction cycles comprising a denaturation 
treatment, wherein hybridizeii nucleic sequences are separated, a hybridization 
treatment, wherein the secondary oligonucleotide primers hybridize to the primary 
extension products, an extension treatment, wherein the hybridized secondary 
oligonucleotide primers are extended to form secondary extension products 
complementary to the primary extension product; and 

detecting the labeled secondary extension products, thereby 
indicating the presence of one or more target nucleotide sequences in the sample. 



52. A method according to claim 51, wherein the polymerase 
chain reaction secondary oligonucle otid& primers in a particular set produce 
secondary extension products^fun^ue rbn^tfi so that they may be distinguished 
from other nucleic acids /inthe secondaryVowmerase chain reaction mixture, said 
method further comprising: 

separating the extpi^j^ii-products by size or electrophoretic 



mobility and 



in size. 



distinguishing the secondary extension products which differ 



53. A method ^^ordingjojckim' 51, wherein the secondary 
extension products contain unique sequences soVhat they may be distinguished 
from other secondary extension products, said method further comprising: 

providing a solid support with different capture 
oligonucleotides immobilized at different particulan sites, wherein the capture 
oligonucleotides have nucleotide sequences complementary to the unique nucleotide 
sequences within the secondary extension products; 

contacting the secondary polymerase chain reaction mixture, 
after said subjecting it to one or more polymerase chain reaction cycles, with the 
solid support under conditions effective to hybridize the>secondary extension 
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products to the capture oligonucleotides in a base-specific manner, thereby 
capturing the secondary extension products to the solid support at the site with 
complementary capture oligonucleotides, wherein said detecting indicates the 
presence of secondary extension products captured using the unique nucleotide 
sequence portions within the secondary extension products and immobilized to the 
solid support at particular sites, thereby indicating the presence of one or more 
target nucleotide sequences in the sample. 

54. A method according to claim 51, wherein the primary 
oligonucleotide primer sets in the same group contain either the same 5' upstream 
primer-specific portion on the first oligonucleotide primers or the same 5' 
upstream primer-specific portion onlthe second oligonucleotide primers and, the 
secondary oligonucleotide primer sets form one or a plurality of oligonucleotide 
primer groups, each group cpmpHsedvbC one or more oligonucleotide primer sets, 
wherein one secondary oligonucleotide primer has a detectable reporter label and 
the other secondary oligonucleotide primer contains an addressable array-specific 
portion linked to the jT enc£ of that prmtep^^^ single stranded after said 

subjecting the secondary polwneras^chain reaction mixture to one or more 
polymerase chain reaction cycles, the oligonucleotide pmmer sets in the same 
group contain either the same ffrst specnTdary^igonucieotide primer or the same 
second secondary oligonucleotidenprimer, whereii>^a group of secondary 
oligonucleotide primers may be used-^e-ammify all the primary extension products 
in a given groups, said method further comprising: 

providing a solid support with different capture 
oligonucleotides immobilized at different particular sites, wherein the capture 
oligonucleotides have nucleotide sequences complementary to the addressable 
array-specific portions; \ 

contacting the secondary polymerase chain reaction mixture, 
after said subjecting it to one or more polymerase chain reaction cycles, with the 



solid support under conditions effective to hybridize the secondary extension 
products to the capture oligdbu^eotides in a base-specific manner, thereby 
capturing the addressable'array-specific portions to the solid support at the site 
with the complementary capti^^igonikleotide, wherein said detecting indicates 
the presence of extension pradu^p-c^ using the addressable array-specific 
portions and immobilized to (the Jplid^support at particular sites, thereby indicating 
the presence of one or more target nucleotide sequences in the sample. 




